
L . -
• ilU iii ,,,, .......... ,................................... ililllllllll II I ii Iii nnllnlnlIlpnl I IlJl, n up,

EuropeanJournalof Pharmacology,81(1982)677-680 677
Elsevier Biomedical Press

Short communication

MI,'I)[II,I,ARY SEROTONERGIC NEURONS ARE INSENSITIVE TO 5-MEODMT AND LSi)

JAMES HEYM*, GEORGE F. STEINFELSand BARRYL. JACOBS

Pro,gramin Neuroscience.Departmentof Psw'holog_',PrincetonUnit_ersiO',Princeton.NewJerst:_'08544,U.S.A,

Received 26 May 1982, accepted 28 May 1982

J._HEYM. G.F. STEINFELS and B.L. JACOBS, Medullary serotonergic neurons are insensitit>eto 5-MeoDMT and
L_pean J. Pharmacoi. 81 (1982) 677-680.

A comparison was made of the effects of 5-MeoDMT or LSD on serotonergic unit activity in the dorsal raphe
nucleus (DRN) and nucleus raphe paUidus (NRP) of freely moving cats. NRP neurons were substantially less
responsive than DRN neurons to both drugs. NRP neurons were unresponsive to behaviorally effective low doses of
these drugs whereas the activity of DRN neurons was strongly depressed. These data are discussed in terms of
autoregulatory control of serotonergic neurons.
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1. Introduction We recently extended our studies of serotonergic "
neurons in freely moving cats to include those

Serotonergic neurons within the dorsal raphe within the medullary nucleus raphe pallidus (NRP)
nucleus (DRN) of anesthetized rats and freely (Heym et aL, 1981). During the course of that

moving cats are distinguished from other neurons investigation we noted that serotonergic NRP neu-
by certain characteristics including a slow and tons appeared to be less responsive to systemic
regular discharge pattern (for reviews see Agha- administration of 5-MeoDMT than what had been
janian and Wang, 1978; Jacobs et al., 1981). In reported previously for serotonergic neurons in the
addition to their distinctive firing pattern, the ac- DRN (Trulson and Jacobs, 1979). We now have
tivity of these neurons is potently and selectively explored this question in more detail by examining
depressed by either systemic administration or the effects of a low or high dose of 5-MeoDMT on
direct iontophoretic application of serotonergic NRP unit activity and extending this analysis to
agonists such as LSD (Aghajanian et al., 1968, include a single dose of LSD. In this report we
1972; Trulson et al., 1981) or 5-methoxy-N,N-di- directly compare these effects on NRP unit activ-
methyltryptamine (5-MeoDMT)(DeMontigny and ity with the responses of DRN serotonergic neu-
Aghajanian, 1977; Trulson and Jacobs, 1979). tons to the same drug treatments.
These inhibitory responses appear to result from

an action of these drugs upon receptors located on
serotonergic cell bodies, presumably autoreceptors 2. Materials and methods
(De Montigny and Aghajanian, 1979; Rogawski

and Aghajanian, 1981). Fourteen adult female cats (2.4-3.2 kg) were
anesthetized with pentobarbital (35 mg/kg, i.p.)
and prepared for chronic single unit recording

* To whom correspondence should be addressed, at: Depart- using a procedure that has been described in detail
ment of Psychology, Green Hall, Princeton University, previously (Trulson et al., 1981). Briefly, two
Princeton,NJ 08544,U,S.A. microelectrode bundles, each consisting of 6 flexi-

0014-2999/82/0000-0000/$0Z75 © 1982ElsevierBiomedicalPress -.

[ I [I _. ill ml i i i .............................................



.... "_Ip!

|

.678

ble insulated nichrome wires (3 each of 32 #m and outside of the 95% confidence interval for the

64 _m diam.) were stereotaxically implanted above same cell's pre-drug baseline firing rate. The post-
either the NRP at an angle of 15° behind the drug firing rate of each unit then was expressed as
vertical, or the DRN at an angle of 45 ° behind the a percentage of its baseline firing rate and a group
vertical. Stereotaxic coordinates for the initial mean percent of baseline was calculated for each

l

placement of the anterior bundles were P 9.5, L drug treatment (including saline)from the individ-
i 0.0, H -7.5 for the NRP, and P 1.5, L 0.0, H uai unit data. Differences between the effects of

+ 1.0 for the DRN. The microelectrode bundles the drug treatments were evaluated for both NRP
were attached to a mechanical microdrive in order and DRN units using a one way analysis of vari-
to advance them gradually through the brain, ance coupled with the Newman-Keuls test. Dif-

, Serotonergic neurons of the NRP and DRN ferences between the responses of NRP units and
: were identified initially by their characteristic slow, those of DRN units to the same drug treatment
• regular discharge and pronounced decrease in fir- were assessed using two tailed t-tests. Recording

ing rate during REM sleep (Heym et al., 1981; sites were located histologically utilizing a tech-
Jacobs et al., 1981). After obtaining 10 to 15 min nique which has been described previously (Trul-
of quiet waking baseline activity, animals were son et al., 1981).
administered either saline (0.5 ml/kg, i.p.), 5-

MeoDMT (50 or 250 _tg/kg, i.m.L or d-LSD (50
#g/kg, i.p.). Recordings then were continued for 3. Results
up to 2 h post-drug. The baseline firing rate was
calculated for each unit by taking the mean of six 14 NRP neurons and 22 DRN cells initially

" consecutive 10 sec time samples during pre-drug were identified as serotonergic by their slow and
quiet waking. A post-drug firing rate was calcu- regular discharge pattern. Histological examina-
lated for each unit in a similar manner using time tion revealed that all of these neurons were located
samples from the period of maximal change in within 500 #m of the midline in either the NRP or

- unit activity. Drug-induced changes in the firing DRN. The mean baseline firing rate of NRP
rates of individual units were considered signifi- serotonergic neurons was significantly higher than
cant (P < 0.05) if a cell's post-drug firing rate was the baseline firing rate of DRN serotonergic neu-

TABLE I

_- Responses of serotonergic neurons in either tile dorsal raphe nucleus (DRN) or nucleus raphc pallidus (NRP'I to systemic
administration of 5-MeoDMT or LSD. I-rain samples of post-drug unit activity during the time when activity showed a maximal

change, i.e. during the peak drug effect, were expressed as a percentage of pre-drug baseline activity. The nt, mber of cells which were

significantly increased ( T) or decreased ( 1), or unchanged ( _) is listed for each drug treatment.

Drug Dose Dorsal raphe nucleus Nucleus raphepallidus

( # g/kg)
n % of baseline t No. of cells n % of baseline t No. of cells

firingrate showing firingrate showing

t l - T _ -

Saline 5 100.2 + 2.9 0 0 5 4 100.7, 2.2 (7 0 4
5-MEoDMT 50 4 33.0 ' 12.1 ' 0 4 0 7 84.0 ' 5.5 _ I 5 I

250 g 0.0 ' 0.02 0 8 0 8 1g.3 ' 6.11"-; (1 8 0
LSD 50 8 49.2 _ 6.3 2A 0 8 0 7 91.6 + 10.0 3 2 5 0

I Mean ' S.E.M.

Significantly different from saline, P- 0.05 (Nc'.,t:nl',|n Kculs lest).

Significantly different from dorsal raphe mlclcus, P-- 0.01 (two tailed t-tesl).
a Value is calculated fronl a subsamplc of neurons previously reported in 'l'rulson el al. lOg I).
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rons (3.94-_ 0.49 (S.E.M.) versus 2.79-+0.24 only 91.6 and 84.0% of baseline, respectively.
spikes/see; P< 0.05, two tailed t-test). The higher i_lowever, these responses were not significantly
discharge rate of NRP units is in accord with our different from the saline control and, although a

previous finding that NRP serotonergic neurons decrease in firing rate was the predominant re-
have faster firing rates than serotonergic neurons sponse, the effects on individual NRP units were
of the DRN across all states (Heym et al., 1981). mixed (table 1). The response of NRP serotonergic

Table I summarizes the effects of saline, 5- neurons to 50 #g/kg of either LSD or 5-MeoDMT
MeoDMT, or LSD injections on the activity of was significantly less than the responses of DRN

both NRP and DRN units. Administration of serotonergic cells (P < 0.01, two tailed t-test). Only
either 5-MeoDMT or LSD elicited characteristic 250 p,g/kg 5-MeoDMT reduced NRP unit activity
behavioral responses which have been detailed to a level, 18.3% of baseline, that was significantly

previously (Truison and Jacobs, 1979; Trulson et different from the saline control, The firing rate of
al., 1981). DRN unit activity was significantly every NRP unit tested was significantly decreased

depressed by both 50 and 250 p,g/kg 5-MeoDMT by this higher dose of 5-MeoDMT. However, the
and by 50 #g/kg LSD when compared to the magnitude of tile depression of NRP unit activity
saline control. Both doses of 5-MeoDMT signifi- produced by 250 /tg/kg 5-MeoDMT was signifi-

- cantly inhibited the activity of all DRN cantly less than the inhibition of DRN unit activ-
serotonergic cells tested. The 250 #g/kg dose corn- ity produced by the same treatment (P < 0.01, two
pletely inhibited every DRN unit examined. Fol- tailed t-test). In general, the rapid time course of
lowing administration of this dose, the activity of the inhibition of NRP unit activity by 250 #g/kg
DRN units began to slow within 5 rain and corn- 5-MeoDMT was comparable to that of the depres-
plete inhibition always was attained within 15 rain sion of DRN unit activity produced by the same
post-injection, Recovery of activity began at 30 to dose of this drug.
45 rain post-drug and usually was complete by 90
rain after injection. The time course of inhibition
of DRN unit activity after administration of 50 4. Discussion
/_g/kg 5-MeoDMT was similar except that re-
cover3' to baseline was faster, usually complete by The results of the present study demonstrate
60 min post-drug. However, the magnitude of the that, in freely moving cats, serotonergic neurons of
maximal inhibition of DRN units produced by the NRP are markedly less responsive than DRN
this dose was significantly less than after the 250 serotonergic neurons to systemic administration of
/_g/kg dose. Injection of 50 _g/kg LSD resulted 5-MeoDMT or LSD, compounds which can act as
in a mean reduction of DRN unit activity to serotonergic agonists. A low, but behaviorally ef-
approximately 50% of baseline and the firing rate fective, dose of either 5-MeoDMT or LSD did not
of every DRN serotonergic cell tested was signifi- significantly alter NRP unit activity while these
candy reduced. DRN unit activity usually began same treatments produced a strong inhibition of
to slow within 5 to 10 min after LSD administra- DRN unit activity. A higher dose of 5-MeoDMT
tion and the maximal inhibition was attained at 45 depressed both NRP and DRN unit activity, how-

i to 60 min post-injection. Activity usually re- ever, the degree of inhibition of DRN unit activity
i covered to within 20% of baseline by 2h post-drug, was significantly greater. Thus, the response of
i In contrast to the strong inhibition of DRN serotonergic neurons to systemically administered

t unit activity produced by LSD and both doses of serotonergic agonists does not appear to be uni-
i 5-MeoDMT, NRP unit activity was relatively un- form throughout the brain, but instead may show

responsive to 50 p,g/kg of either LSD or 5- substantial variation depending upon the nucleus
MeoDMT, but was strongly inhibited by 250 in which the cells are located.
_g/kg 5-MeoDMT. 50 _g/kg of either LSD or The differential pharmacological responses of •
5-MeoDMT, although behaviorally effective, re- NRP and DRN units may be an indication that
suited in a mean change of NRP unit activity to serotonergic neurons of the NRP are actually less
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